Calving records from the Animal Breeding Center of Iran collected from January 1993 to December 2007 and comprising 1 163 594 Holstein calving events from 2 552 herds were used to evaluate reported perinatal calf mortality, 305-d milk yield, 305-d fat yield of milk and 305-d fat percentage of milk in single-and twin-births. A logistic regression model was constructed to analyze calf mortality between singletons and twins. Also statistical analyses of 305-d milk yield, 305-d fat yield of milk and 305-d fat percentage of milk were performed using the general linear models procedure. Greater odds of calf mortality existed for calves born from primiparous cows than from multiparous cows (P<0.001) and for calves born as twins than singletons. The odds of calf mortality increased over years from 4.2 % in calving year Y1 (1993-1997) to 5.1 % in calving year Y3 (2003-2007) (odds ratio [OR] = 1.14; P<0.001). The odds of calf mortality was greater after twin births, with 16.7 % of the twin calving events reporting calves as dead compared to 5.2 % for singleton births (OR=5.62; P<0.001). For same-sex twin pairs, the odds of calf mortality was greater (P<0.01; OR=1.72) for male than for female twin pairs. Also, twin-calved cows had greater 305-d milk production, fat yield and fat percentage of milk than single-calved cows (P<0.05). In general, development of practical management strategies to cope with the negative effects associated with twinning on dairies is critical, especially if the trend toward increased twinning in the dairy cattle population continues. 
Introduction
Ovaries of cattle contain two different pools of follicles, the non-growing pool and the growing pool. The non-growing pool contains the primordial follicles, whereas the growing pool contains the primary, secondary and tertiary follicles. Entry of primordial follicles into the growth phase occurs throughout the reproductive life (KANITZ et al. 2001) .
Cattle are a monotocous species meaning that, under most circumstances, a successful pregnancy results in the birth of a single calf. The physiologic mechanism responsible for regulating the number of follicles that become dominant within each follicular wave usually results in selection of a single dominant follicle capable of ovulation. If luteolysis occurs during the growth phase of dominant follicles, final maturation and ovulation occurs. If luteolysis does not occur during the growing and maintenance phase of follicles, the fate is atresia (KANITZ 2003 , MATTIOLI 1996 . Initiation of an induced or naturally occurring ovulatory stimulus causes release of a single oocyte from the dominant follicle at ovulation. If the subsequent events from fertilization to parturition occur normally, the pregnancy will result in birth of one calf. On occasion, however, two follicles are selected to continue growth from among the group of growing follicles in a follicular wave resulting in a phenomenon termed codominance. If the appropriate stimulus for ovulation occurs naturally or is induced when codominant follicles are present, two oocytes, one from each follicle, will be released. If the subsequent events from fertilization to parturition occur normally for both oocytes, twins will result (RYAN and BOLAND 1991) .
Twinning in dairy cattle is an unavoidable outcome of reproduction and occurs relatively rarely, with the frequency generally not exceeding 1 % in most beef herds. However, in dairy herds, the incidence of twin births is higher (on average 3 to 5 %), and is strongly affected by age and parity of the dam (GHAVI HOSSEIN-ZADEH et al. 2008 , SILVA DEL RÍO et al. 2007 , KOMISAREK and DORYNEK 2002 , WOLLERT and TILSCH 1988 .
However, twin birth is disadvantageous for most beef and dairy producers because of its association with a number of unfavourable effects, including lower potential calf survival and poorer cow reproductive performance (FRICKE 2001) . Twinning reduces reproductive performance by increasing average days open and services per conception during the subsequent lactation (FRICKE 2001) . Twinning is also associated with increased dystocia (because of malpresentation), greater incidence of abortion, increased likelihood of culling for dams giving birth to twins, decreased fertility rate, greater frequency of stillbirth, increased incidence of retained placenta, higher mortality rates, frequent occurrence of freemartins and longer interval from parturition to first oestrus (KIRKPATRICK 2002 , SILVA DEL RÍO et al. 2007 . Also, GÖRLICH et al. (1989) reported the number of beef calves from twinnings was by about 55 % higher than from single calvings although peri-and postnatal calf losses were about 16 % higher in twin calves.
The results of numerous surveys and studies have generally been consistent in identifying problems associated with twinning except for dystocia. Inconsistent results for incidence of dystocia may reflect two competing dynamics: twinning reduces incidence of dystocia attributable to large calf size but increases incidence of dystocia attributable to malpresentation (KIRKPATRICK 2002) . Dairy cows may give more milk in the lactation resulting from a twin birth (SYRSTAD 1974) , but cows calving twins are at greater risk for metabolic disorders including displaced abomasum, and ketosis (FRICKE 2001) . In addition, increased frequency of twinning would increase the potential for obtaining more progeny from a genetically-superior female, thereby allowing those females to play a larger role in a selection program (CADY and VAN VLECK 1978) . The importance of this condition can be expressed along with the application of technologies controlling the sex of calves.
The objective of this study was to analyze incidences of perinatal calf mortality recorded in Holstein dairy cows to make comparisons between singleton and twin births regarding several factors influencing the odds of calf mortality. Comparisons were also made for the potential effect of the incidence of twin births on the productive performance between twin and single births.
Material and methods

Data set
Calving records from the Animal Breeding Center of Iran, collected from January 1993 to December 2007 and comprising 1 163 594 Holstein calving events from 2 552 herds were included in the initial data set. Twin calvings accounted for 32 082 (2.76 %) of the total observations. The majority of the Iranian dairy cattle population consists of several domestic breeds and their crosses with Holstein. Only about 800 000 head are purebred Holsteins. These are either descendants of the cows originally imported from North America and Europe or Holstein upgrades of domestic breeds over 50 years. The herds used in this study are among the purebred Holsteins managed under conditions similar to those in most other developed countries. The herds are under official performance and pedigree recording. Artificial insemination is used almost exclusively; and 60 % to 80 % of semen is from US and Canadian proven sires (GHAVI HOSSEIN-ZADEH et al. 2008) . Information for individual calving events, including herd, cow identification, service sire identification, cow's sire identification, calving date, dry date, parity, multiple births, calf gender, calf mortality, 305-d milk yield, fat yield of milk, fat percentage of milk and calving difficulty were included in the data set. The number of calves born per calving event was coded as a dichotomous variable (0=singleton [C1]; 1=twin [C2]). Calf sex for singleton births was coded M for males and F for females, whereas calf sex for twin births was coded as MM for male pairs, FF for female pairs, and FM or MF for mixed-sex pairs.
Perinatal calf mortality for singleton calves was coded as A for calves born alive and D for calves born dead, whereas for twin calves was coded as AA when both calves were born alive, DD when both calves were born dead, and DA when only one of the twin calves survived. Months of birth were grouped into four seasons: January through March (winter), April through June (spring), July through September (summer), and October through December (fall). Also, calving years were grouped into three classes: 1993 through 1997 (Y1), 1998 through 2002 (Y2), and 2003 through 2007 (Y3). First-parity cows (P1) represented 30.8 %, whereas second (P2), third (P3) and fourth and greater parities (P4) accounted for 25.1, 17.6 and 26.5 % of the calving records, respectively.
Statistical analyses
A multivariable logistic regression model was used to analyze perinatal calf mortality using the maximum likelihood method of the LOGISTIC procedure of SAS (SAS INSTITUTE 2002) . Model specification was based on the backward elimination method and the fit of all statistical models was evaluated by using the Hosmer and Lemeshow goodness-of-fit test of SAS (HOSMER and LEMESHOW 2000) by including the »lackfit« option in the model statement. Variables (main effects or interaction terms) which were significant by the Wald statistic at P<0.05 were included in the model. In addition, statistical analysis of milk yield, fat yield and fat percentage were performed using the general linear models procedure (Proc GLM) of SAS (SAS INSTITUTE 2002) .
The general equation of logistic regression model is defined as follows:
where π is the the odds of perinatal calf mortality; α is the intercept parameter; β1 to βn are the logistic regression coefficients (parameter estimates) for the explanatory effects (X1 to Xn) included in the statistical model. Calf mortality for calves born as singleton was analyzed in a model in which the following variables were included: Herd, parity of dam, sex of the calf (M vs. F), calving year and parity by year interaction effect. The model used to analyze calf mortality for calves born as twins included the fixed class effects of Herd, Parity of dam and sex of the calf (MM, MF, and FF). Also, calf mortality for all calves was analyzed in a model in which the following variables were included: Herd, parity of dam, calf number (2 vs. 1), calving year, parity by year and calf number by parity interaction effects.
Milk yield, fat yield and fat percentage of milk were analyzed in a model in which the following variables were included: Herd, calving year, season of calving, parity of dam, calf number (2 vs. 1), parity by calf number and parity by year interaction effects, the linear and quadratic effects of age of dam as covariates. In addition, 305-d milk yield, fat yield and fat percentage of milk for single or twin births was analyzed in a model in which the following variables were included: herd, calving year, season of calving, parity of dam, and parity by year interaction effect.
Results and discussion
Perinatal mortality
The overall incidence of perinatal calf mortality was 7.6 % although it varied among herds from 1.2 % to 15.7 %. This is similar to the perinatal mortality reported for dairy cattle in previous studies (SILVA DEL RÍO et al. 2007 , SIMENSEN 1982 . There was an increase in singleton calf mortality as herd size increased (P<0.05). Caution must be taken when interpreting the effect of herd size on perinatal calf mortality. One explanation for these results may be that individual cows are less intensively managed during calving in larger herds; however, larger herds represented in this data set may have more accurately reported calf mortality than smaller herds, or perhaps the effect is due to herd expansion rather than the effect of herd size itself.
Greater odds of calf mortality existed for calves born from primiparous cows than from multiparous cows (P<0.001) and for calves born as singletons (8.2 % vs. 2.9 %) or twins (29.4 % vs. 18.7 %; Tables 1 to 3). SILVA DEL RÍO et al. (2007) reported greater perinatal mortality existed for calves born from nulliparous heifers than from lactating cows for calves born both as singletons and as twins. BICALHO et al. (2007) and MEYER et al. (2001) reported a significant decreasing trend in the incidence of stillbirth by parity in Holstein dairy cows. Perinatal calf mortality over time was defined by a significant parity by year interaction for singleton births (P<0.001; Tables 1 and 2), but not for twin births (Table 3) . SILVA DEL RÍO et al. (2007) reported significant calf mortality for singletons but not for twins in Holstein dairy cows. RÍO et al. (2007) reported Calf mortality was greater after twin births in Holstein dairy cows. Previous studies of Holstein herds reported stillbirth rates for singleton births between 3.2 % and 5.4 %, and for calves born as twins between 12.9 % and 15.7 % (DAY et al. 1995 , MEE 1991 . The overall reported singleton mortality differ significantly based on sex of the calf, with 6.9 % vs. 3.1 % for M and F calves, respectively(P<0.001; OR=2.87; Table 2 ; M vs. F). For same-sex twin pairs, the odds of calf mortality was greater (P<0.01; OR=1.72; MM vs. FF) for M (24.9 %) than for F (16.6 %) twin pairs, whereas calf mortality for mixed-sex twins was 20.3 % (Table 3 ). This effect is probably due to greater body size of male calves than female ones at birth. Similarly, previous studies reporting greater stillbirth rates among M twins (MEE 1991) . Also, HEINS et al. (2006) reported male calves had significantly more stillbirths than heifer calves. SILVA DEL RÍO et al. (2007) reported the overall reported singleton mortality did not differ based on sex of the calf, but for samesex twin pairs, calf mortality was greater (P<0.01) for M (25.1 %) than for F (18.3 %) twin pairs and calf mortality for mixed-sex twins was 20.3 %.
Productive performance
The Least-squares means and their standard errors for the 305-d milk yield, milk fat yield and milk fat percentage of Holstein dairy cows are shown in Table 4 . The least-squares means of milk yield and fat yield were greater for the cows in their third lactation than other parities (P<0.05; Tables 5 and 6 ). This time is concurrent with the peak of milk production in Iranian Holsteins. On the other hand, the least-squares means of fat percentage increased over the years for all calvings and for single births (Tables 4 and 5 ; P<0.05). The phenotypic trend of milk yield and fat yield increased over the years from Y1 through Y3, but this trend was decreasing for fat percentage (P<0.05; Tables 4 and 5 ). In addition, fall-calved cows had the higher milk yield and fat yield than cows calved in the other seasons, but the fat percentages of milk of the summer-calved cows were greater than other cows (P<0.05; Tables 4 and 5 ). There were significant parity by year and parity by calf number interaction effects for the 305-d milk yield, fat yield and fat percentage of dairy cows (P<0.05). In addition, the interaction effect of parity by year was significant on the milk yield, fat yield and fat percentage of milk of singleton and twin births of Holstein dairy cows (P<0.05). Also, twin-calved cows had greater 305-d milk production, fat yield and fat percentage of milk than single-calved cows (P<0.05; Tables 4 and 5 ). In addition, the linear and quadratic effects of age of dam were significant on milk yield, fat yield and milk fat percentage (P<0.05). The coefficients of regression and their standard errors of 305-d milk yield, milk fat yield and milk fat percentage on the linear and quadratic effects of age of dam are presented in Table 6 . The linear coefficients of regression of milk yield, fat yield and milk fat percentage on age of dam were positive, but the corresponding quadratic coefficients of regression were negative. On the other hand, although the linear coefficients of regression of milk yield and fat yield on the age of dam were positive for twin births, but the corresponding linear coefficients of regression of milk fat percentage on the age of dam were negative for twin calvings (Table 6 ). The significant positive linear and quadratic regressions of age of dam showed that the increase in the age of dam or quadratic effect of age (age × age) can be caused an increase in milk yield, fat yield or milk fat percentage of dairy cows. But, the negative coefficients indicated that increase in the age of dam or quadratic effect of age caused decrease in the productive performance of dairy cows.
Continued increases in milk production over the last two decades in dairy herds have been associated with an increase in twinning rate (KINSEL et al. 1998 , WILTBANK et al. 2000 . WILTBANK et al. (2000) proposed that high milk production increases steroid metabolism as a result of an increased blood flow to the digestive tract and the liver. The subsequent metabolism of the steroid estradiol slows down the natural decline in FSH, which means that follicles have more time to undergo physiological changes before ovulation (MATTIOLI 1996 , WILTBANK et al. 2000 , KANITZ et al. 2001 . A positive association between milk production and twinning in dairy cattle has been observed in some studies (KINSEL et al. 1998 , NIELEN et al. 1989 , but not in others (BELL and ROBERTS 2007, DELUYKER et al. 1991) . However, effects of milk production have been reported when comparing dams carrying or calving twins with their no twinning herdmates. The practical implication of the relationship between milk production and twinning in dairy cattle is important because current dairy-management strategies aim to maximize milk production per cow in the dairy industry. If twinning is related to milk production, this increase would not be unexpected considering the increases in milk production per cow over the years as a result of genetic selection and artificial insemination. Successful dairy cattle production will require changes in management to address problems of increased perinatal calf mortality and maybe other postpartum problems related to twinning. Key changes in management may include diagnosis of twin vs. single pregnancy and modification of nutrition for cows bearing or suckling twins. Assistance at calving for cows carrying twins may reduce complications associated with dystocia and may reduce economic losses by reducing the rate of neonatal calf mortality.
